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1
METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE, SUBSTRATE
PROCESSING APPARATUS, AND
RECORDING MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application Nos. 2013-204730,
filed on Sep. 30, 2013, and 2014-058276, filed on Mar. 20,
2014, the entire contents of which are incorporated herein by
reference.

TECHNICAL FIELD

The present disclosure relates to a method of manufactur-
ing a semiconductor device, a substrate processing apparatus
and a recording medium.

BACKGROUND

With an increase in density of a large scale integrated
circuit (hereinafter, referred to as an LSI), a circuit pattern has
been miniaturized.

In order to integrate a large number of semiconductor
devices into a small area, the semiconductor devices must be
formed to be small in size. To this end, a width and a space of
a pattern to be formed should be made small.

With the current trend for miniaturization, oxide embedded
in a fine structure, particularly, in a narrow void structure
(groove) which is deep in a vertical direction and narrow in a
width direction has reached its technical limits when the
embedding of the oxide is performed by a CVD method. In
addition, with the miniaturization of transistors, a thin and
uniform gate insulating film or gate electrode is required to be
formed. Further, it is required to reduce a processing time for
one substrate in order to improve productivity of semicon-
ductor devices.

Since a minimal processing size of a semiconductor device
required by a latest LSI, DRAM (Dynamic Random Access
Memory), or flash memory is being less than 30 nm in width,
the miniaturization, improved manufacturing throughput, or
low processing temperature becomes difficult while main-
taining the quality. For example, when a gate insulating film
or a gate electrode is formed, a film forming method in which
a process of supplying and exhausting a precursor gas, a
process of supplying and exhausting a reaction gas, and a
process of generating plasma are sequentially repeated is
used. In this film forming method, for example, when plasma
is generated, it takes time to control electric power, pressure,
gas concentration, and the like, and thus, it is difficult to
improve a manufacturing throughput.

SUMMARY

The present disclosure provides some embodiments of a
method of manufacturing a semiconductor device, a substrate
processing apparatus and a recording medium, which makes
it possible to improve properties of a film formed on a sub-
strate and to increase a manufacturing throughput.

According to an aspect of the present disclosure, there is
provided a method of manufacturing a semiconductor device,
including: supplying a precursor gas to a substrate; supplying
a reaction gas to a plasma generation region; supplying high
frequency power to the plasma generation region; and gener-
ating plasma of the reaction gas by adjusting a pressure of the
plasma generation region to a first pressure before the reac-
tion gas is supplied and adjusting the pressure of the plasma
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2

generation region to a second pressure lower than the first
pressure while the reaction gas and the high frequency power
are supplied.

According to another aspect of the present disclosure, there
is provided a substrate processing apparatus, including: a
process chamber having a substrate accommodated therein; a
precursor gas supply part configured to supply a precursor gas
to the substrate; a reaction gas supply part configured to
supply a reaction gas to the substrate; a plasma generation
region which the reaction gas is supplied to and the reaction
gas is converted to a plasma state in; an exciting part config-
ured to supply high frequency power to the plasma generation
region; and a control part configured to control the reaction
gas supply part and the exciting part such that the reaction gas
1s excited into the plasma state by adjusting a pressure of the
plasma generation region to a first pressure before the reac-
tion gas is supplied and adjusting the pressure of the plasma
generation region to a second pressure lower than the first
pressure while the reaction gas and the high frequency power
are supplied.

According to still another aspect of the present disclosure,
there is provided a non-transitory computer-readable record-
ing medium storing a program that causes a computer to
perform processes of: supplying a precursor gas to a sub-
strate; supplying a reaction gas to a plasma generation region;
supplying high frequency power to the plasma generation
region; and generating plasma of the reaction gas by adjusting
a pressure of the plasma generation region to a first pressure
before the reaction gas is supplied and adjusting the pressure
of the plasma generation region to a second pressure lower
than the first pressure while the reaction gas and the high
frequency power are supplied.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view illustrating a configuration of a
substrate processing apparatus according to an embodiment
of the present disclosure.

FIG. 2 is a schematic view illustrating a configuration of a
controller of the substrate processing apparatus according to
the embodiment of the present disclosure.

FIG. 3 is a flowchart illustrating a substrate processing
process according to the embodiment of the present disclo-
sure.

FIG. 4 shows a sequence example of supply and exhaust of
gases and supply of high frequency power in the substrate
processing process according to the embodiment of the
present disclosure.

FIG. 5 shows a sequence example of supply and exhaust of
gases and supply of high frequency power in a substrate
processing process according to another embodiment of the
present disclosure.

FIG. 6 is view illustrating discharge initiation properties of
a N, gas according to the present disclosure.

FIG. 7 is a schematic view illustrating a substrate process-
ing apparatus according to still another embodiment of the
present disclosure.

DETAILED DESCRIPTION

Embodiments of the present disclosure will be described
below.

Embodiment of the Present Disclosure

Hereinafter, an embodiment of the present disclosure will
be described with reference to the drawings.
(1) Configuration of Substrate Processing Apparatus

First, a substrate processing apparatus 100 according to an
embodiment of the present disclosure will be described.

The substrate processing apparatus 100 is a unit of forming
an insulating film having a high dielectric constant and is
configured as a single-wafer type substrate processing appa-
ratus, as shown in FIG. 1.
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As shown in FIG. 1, the substrate processing apparatus 100
is provided with a process vessel 202. The process vessel 202
is configured, for example, as a flat airtight vessel having a
circular horizontal cross section. In addition, the process ves-
sel 202 is made, for example, of metal, such as aluminum (Al)
or stainless steel (SUS), or quartz. A process space (process
chamber) 201, in which a wafer 200 such as a silicon wafer as
a substrate is processed, and a transfer space 203 are defined
in the process vessel 202. The process vessel 202 consists of
an upper vessel 202a and a lower vessel 2025. A partition
plate 204 is installed between the upper vessel 202a and the
lower vessel 202b. A space above the partition plate 204, as a
space surrounded by the upper vessel 202a, is referred to as
the process chamber 201, and a space below the partition plate
204, as a space surrounded by the lower vessel 2025, is
referred to as the transfer space 203.

A substrate loading/unloading port 206 is installed adja-
cent to a gate valve 205 in a side surface of the lower vessel
2025, and the wafer 200 moves into and out of a transfer
chamber (not shown) through the substrate loading/unload-
ing port 206. A plurality of lift pins 207 are installed in a
bottom portion of the lower vessel 2025. In addition, the
lower vessel 2025 is connected to a ground.

A substrate support 210 configured to support the wafer
200 is installed inside the process chamber 201. The substrate
support 210 includes a mounting surface 211 having the
watfer 200 mounted thereon, a substrate mounting stand 212
having the mounting surface 211 on a surface thereof, and a
heater 213 as a heating part contained in the substrate mount-
ing stand 212. Through holes 214 through which the lift pins
207 penetrate are formed at positions in the substrate mount-
ing stand 212 corresponding to the lift pins 207, respectively.

The substrate mounting stand 212 is supported by a shaft
217. The shaft 217 penetrates through a bottom portion of the
process vessel 202 and is also connected to an elevation
mechanism 218 outside the process vessel 202. By operating
the elevation mechanism 218 to raise or lower the shaft 217
and the substrate mounting stand 212, the wafer 200 mounted
on the substrate mounting surface 211 can be raised or low-
ered. In addition, a periphery of a lower end of the shaft 217
is covered with abellows 219, so that an interior of the process
space 201 is maintained airtight.

The substrate mounting stand 212 is lowered such that the
substrate mounting surface 211 is located at a position of the
substrate loading/unloading port 206 (wafer transfer posi-
tion) when the wafer 200 is transferred, and is raised such that
the wafer 200 is located at a processing position (wafer pro-
cessing position) in the process chamber 201 as shown in FIG.
1 when the wafer 200 is processed.

Specifically, when the substrate mounting stand 212 is
lowered to the wafer transfer position, upper ends of the lift
pins 207 protrude from the upper surface of the substrate
mounting surface 211, and the lift pins 207 support the wafer
200 from below. In addition, when the substrate mounting
stand 212 is raised to the wafer processing position, the lift
pins 207 are sunken from the upper surface of the substrate
mounting surface 211, and the substrate mounting surface
211 supports the wafer 200 from below. Further, since the lift
pins 207 may be in direct contact with the wafer 200, they are
preferably formed, for example, of quartz, alumina or the like.
(Exhaust System)

An exhaust port 221, as a first exhaust part configured to
exhaust an atmosphere of the process chamber 201, is
installed in a side surface of an inner wall of the process
chamber 201 (the upper vessel 202a). An exhaust pipe 222 is
connected to the exhaust port 221, and a pressure adjuster
223, such as an APC (Auto Pressure Controller) valve, con-
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figured to control the interior of the process chamber 201 to a
predetermined pressure, and a vacuum pump 224 are serially
connected to the exhaust pipe 222 in this order. A first exhaust
system (exhaust line) is mainly configured with the exhaust
port 221, the exhaust pipe 222, the pressure adjuster 223, and
the vacuum pump 224.

(Gas Introduction Port)

A gas introduction port 241 configured to supply various
types of gases into the process chamber 201 is installed in an
upper surface (ceiling wall) of a shower head 234, which will
be described later. The shower head 234 is installed at an
upper portion of the process chamber 201. A configuration of
a gas supply system connected to the gas introduction port
241 will be described later.

(Shower Head)

The shower head 234 as a gas dispersion mechanism is
installed between the gas introduction port 241 and the pro-
cess chamber 201. The gas introduction port 241 is connected
to a lid 231 of the shower head 234, and the gas introduced
from the gas introduction port 241 is supplied into a buffer
space 232 of the shower head 234 through a hole 2314 formed
in the lid 231.

The shower head lid 231 is formed of a conductive metal
and used as an electrode as an exciting part for exciting a gas
into a plasma state in the buffer space 232 or the process
chamber 201 as a plasma generation region. An insulation
block 233 is installed between the 1id 231 and the upper vessel
202a to insulate the lid 231 and the upper vessel 202a from
each other. The electrode (the shower head lid 231) as the
exciting part is configured to be supplied with electromag-
netic power (high frequency power), which will be described
later.

The shower head 234 includes a dispersion plate 234a,
which is configured to disperse the gas introduced from the
gas introduction port 241, between the buffer space 232 and
the process chamber 201. The dispersion plate 234a has a
plurality of gas through holes 2345 formed therein. The dis-
persion plate 234a is disposed to face the substrate mounting
surface 211.

A gas guide 240 configured to flow the supplied gas is
installed in the buffer space 232. The gas guide 240 has a
conical shape having a diameter increasing from the hole
231a toward the dispersion plate 234a. A horizontal diameter
of'alower end of the gas guide 240 is determined such that the
gas guide 240 extends to an outside of end portions of the gas
through holes 2345.

An exhaust pipe 236 is connected to a flank of the buffer
space 232 through a shower head exhaust port 235 as a second
exhaust part. A valve 237 configured to switch the exhaust
on/off, a pressure adjuster 238, such as an APC (Auto Pres-
sure Controller) valve, configured to control an interior of the
buffer space 232 to a predetermined pressure, and a vacuum
pump 239 are serially connected to the exhaust pipe 236 in
this order.

(Supply System)

A common gas supply pipe 242 is connected to the gas
introduction port 241 connected to the lid 231 of the shower
head 234. A first gas supply pipe 243a, a second gas supply
pipe 244a, and a third gas supply pipe 245a are connected to
the common gas supply pipe 242. The second gas supply pipe
244q is connected to the common gas supply pipe 242
through a remote plasma unit 244e.

A first element-containing gas is mainly supplied from a
first gas supply system 243 including the first gas supply pipe
243a, and a second element-containing gas is mainly supplied
from a second gas supply system 244 including the second
gas supply pipe 244a. An inert gas is mainly supplied from a
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third gas supply system 245 including the third gas supply
pipe 245a when the wafer 200 is processed, and a cleaning gas
is also mainly supplied form the third gas supply system 245
when the process chamber 201 is cleaned.

(First Gas Supply System)

A first gas supply source 2435, a mass flow controller
(MFC) 243¢, which is a flow rate controller (flow rate control
part), and a valve 2434, which is an opening/closing valve, are
installed in the first gas supply pipe 243a in this order from an
upstream direction.

A gas containing a first element (hereinafter, referred to as
“a first element-containing gas™) is supplied to the shower
head 234 from the first gas supply pipe 243a through the mass
flow controller 243¢, the valve 243d, and the common gas
supply pipe 242.

The first element-containing gas is a precursor gas, i.e., one
of process gases.

Here, the first element is, for example, silicon (Si). That is,
the first element-containing gas is, for example, a silicon-
containing gas. The silicon-containing gas may include, for
example, a dichlorosilane (SiH,Cl,: DCS) gas. In addition,
the first element-containing gas may be in any one of solid,
liquid and gaseous states under the normal temperature and
pressure. When the first element-containing gas is in a liquid
state under the normal temperature and pressure, a vaporizer
(not shown) has only to be installed between the first gas
supply source 2435 and the mass flow controller 243¢. Here,
a case in which the first element-containing gas is in a gaseous
state will be described.

A downstream end of the first inert gas supply pipe 246a is
connected to the first gas supply pipe 243a at a downstream
side of the valve 243d. An inert gas supply source 2465, a
mass flow controller (MFC) 246¢, which is a flow rate con-
troller (flow rate control part), and a valve 2464, which is an
opening/closing valve, are installed in the first inert gas sup-
ply pipe 246a in this order from an upstream direction.

Here, the inert gas is, for example, a nitrogen (N,) gas. In
addition, the inert gas may include, for example, a rare gas,
such as a helium (He) gas, a neon (Ne) gas, and an argon (Ar)
gas, in addition to the N, gas.

The first element-containing gas supply system 243 (re-
ferred to as the silicon-containing gas supply system) is
mainly configured with the first gas supply pipe 243a, the
mass flow controller 243¢, and the valve 2434.

Further, a first inert gas supply system is mainly configured
with the first inert gas supply pipe 2464, the mass flow con-
troller 246¢, and the valve 246d. In addition, the inert gas
supply source 2465 and the first gas supply pipe 243a may
also be included in the first inert gas supply system.

Furthermore, the first gas supply source 2435 and the first
inert gas supply system may also be included in the first
element-containing gas supply system.

(Second Gas Supply System)

The remote plasma unit 244e as an exciting part may be
installed at a downstream side of the second gas supply pipe
244a. A second gas supply source 2445, a mass tlow control-
ler (MFC) 244c, which is a flow rate controller (flow rate
control part), and a valve 244d, which is an opening/closing
valve, are installed in an upstream side of the second gas
supply pipe 244a in this order from an upstream direction.
The remote plasma unit 244e as the exciting part is configured
to be supplied with electromagnetic power (high frequency
power).

A gas containing a second element (hereinafter, referred to
as “a second element-containing gas”) is supplied into the
shower head 234 from the second gas supply pipe 244a
though the mass flow controller 244c, the valve 244d, the
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6

remote plasma unit 244e, and the common gas supply pipe
242. The second element-containing gas may be excited in a
plasma generation region in the remote plasma unit 244e by
the exciting part installed in the remote plasma unit 244e and
supplied onto the wafer 200.

The second element-containing gas is one of the process
gases. In addition, the second element-containing gas may be
considered as a reaction gas or a modifying gas.

Here, the second element-containing gas contains a second
element other than the first element. The second element is,
for example, any one of oxygen (O), nitrogen (N), and carbon
(C). In this embodiment, the second element-containing gas
is, for example, a nitrogen-containing gas. Specifically, an
ammonia (NH,) gas is used as the nitrogen-containing gas.

The second element-containing gas supply system 244
(referred to as the nitrogen-containing gas supply system) is
mainly configured with the second gas supply pipe 244a, the
mass flow controller 244¢, and the valve 244d.

In addition, a downstream end of the second inert gas
supply pipe 247a is connected to the second gas supply pipe
244q at a downstream side of the valve 244d. An inert gas
supply source 247h, a mass flow controller (MFC) 247c,
which is a flow rate controller (flow rate control part), and a
valve 2474, which is an opening/closing valve, are installed in
the second inert gas supply pipe 247a in this order from an
upstream direction.

An inert gas is supplied into the shower head 234 from the
second inert gas supply pipe 247a through the mass flow
controller 247¢, the valve 2474, the second gas supply pipe
244aq, and the remote plasma unit 244e. The inert gas acts as
a carrier gas or a dilution gas in a film forming process.

A second inert gas supply system is mainly configured with
the second inert gas supply pipe 2474, the mass flow control-
ler 247¢, and the valve 2474. In addition, the inert gas supply
source 247b, the second gas supply pipe 244a, and the remote
plasma unit 244e may also be included in the second inert gas
supply system.

Furthermore, the second gas supply source 2445b, the
remote plasma unit 244e, and the second inert gas supply
system may also be included in the second element-contain-
ing gas supply system 244.

(Third Gas Supply System)

A third gas supply source 245b, a mass flow controller
(MFC) 245¢, which is a flow rate controller (flow rate control
part), and a valve 2454, which is an opening/closing valve, are
installed in the third gas supply pipe 245« in this order from
an upstream direction.

An inert gas as a purge gas is supplied to the shower head
234 from the third gas supply pipe 245a though the mass flow
controller 245¢, the valve 2454, and the common gas supply
pipe 242.

Here, the inert gas is, for example, a nitrogen (N,) gas. In
addition, the inert gas may include, for example, a rare gas,
such as a helium (He) gas, a neon (Ne) gas, and an argon (Ar)
gas, in addition to the N, gas.

A downstream end of the cleaning gas supply pipe 248a is
connected to the third gas supply pipe 245a at a downstream
side of the valve 245d. An cleaning gas supply source 2485, a
mass flow controller (MFC) 248¢, which is a flow rate con-
troller (flow rate control part), and a valve 2484, which is an
opening/closing valve, are installed in the cleaning gas supply
pipe 248a in this order from an upstream direction.

The third gas supply system 245 (referred to as the silicon-
containing gas supply system) is mainly configured with the
third gas supply pipe 245a, the mass flow controller 245¢, and
the valve 2454.
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Further, a cleaning gas supply system is mainly configured
with the cleaning gas supply pipe 2484, the mass flow con-
troller 248¢ and the valve 2484d. In addition, the cleaning gas
supply source 24856 and the third gas supply pipe 245a may
also be included in the cleaning gas supply system.

Furthermore, the third gas supply source 2456 and the
cleaning gas supply system may also be included in the third
gas supply system 245.

In a substrate processing process, the inert gas is supplied
into the shower head 234 from the third gas supply pipe 245a
through the mass flow controller 245¢, the valve 2454, and the
common gas supply pipe 242. Further, in a cleaning process,
the cleaning gas is supplied into the shower head 234 through
the mass flow controller 248¢, the valve 248d, and the com-
mon gas supply pipe 242.

In the substrate processing process, the inert gas supplied
from the third gas supply source 2455 acts as a purge gas
which purges the process chamber 201 or the shower head
234 of the gas collected therein. Further, in the cleaning
process, the inert gas may act as a carrier gas or a dilution gas
of the cleaning gas.

The cleaning gas supplied from the cleaning gas supply
source 24854 acts as a cleaning gas which removes byproducts
adhering to the shower head 234 or the process chamber 201
in the cleaning process.

Here, the cleaning gas is, for example, a nitrogen trifluoride
(NF;) gas. In addition, the cleaning gas may include, for
example, a hydrogen fluoride (HF) gas, a chlorine trifluoride
(CIF,) gas, a fluorine (F,) gas, and the like, or a combination
thereof.

(Exciting Part)

The exciting part is configured with at least one of the first
exciting part and the second exciting part.

The shower head lid 231 as the first exciting part is con-
nected to a matching unit 251 and a high frequency power
source 252. By supplying electromagnetic power (high fre-
quency power) to the shower head lid 231 from the high
frequency power source 252 through the matching unit 251
and controlling impedance in the matching unit 251, at least
one of the first element-containing gas and the second ele-
ment-containing gas described above are excited (into a
plasma state).

In addition, when the first exciting part is used, in order to
generate plasma containing at least one of the first element-
containing gas and the second element-containing gas in the
process chamber 201, an output power of the high frequency
power source 252 or an internal pressure of the process cham-
ber 201 is controlled.

The second exciting part is the remote plasma unit 244e.
(Plasma Generation Region)

The plasma generation region is configured by at least at
least one of the process chamber 201 and the remote plasma
unit 244e, as described above.

(Control Part)

As shown in FIG. 1, the substrate processing apparatus 100
includes a controller 121 configured to control the operations
of the respective parts of the substrate processing apparatus
100.

As illustrated in FIG. 2, the controller 121, which is a
controlunit (control part), is configured as a computer includ-
ing a CPU (Central Processing Unit) 121a, a RAM (Random
Access Memory) 1215, a memory device 121¢, and an I/O
port 121d. The RAM 1215, the memory device 121¢ and the
1/0 port 1214 are configured to exchange data with the CPU
121a via an internal bus 121e. An input/output device 122
including, for example, a touch panel or the like, or an exter-
nal memory device 283 is connected to the controller 121.
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The memory device 121c¢ is configured with, for example,
a flash memory, an HDD (Hard Disc Drive), or the like. A
control program for controlling operations of the substrate
processing apparatus 100 or a process recipe, in which a
sequence or condition for processing a substrate, which will
be described later, is written, is readably stored in the memory
device 121c¢. Also, the process recipe functions as a program
for the controller 121 to execute each sequence in the sub-
strate processing process, which will be described later, to
obtain a predetermined result. Hereinafter, the process recipe
or control program may be generally referred to as a program.
Also, when the term “program” is used herein, it may include
a case in which only the process recipe is included, a case in
which only the control program is included, or a case in which
both the process recipe and the control program are included.
In addition, the RAM 1215 is configured as a memory area
(work area) in which a program or data read by the CPU 121a
is temporarily stored.

The I/O port 1214 is connected to the gate valve 205, the
elevation mechanism 218, the pressure adjusters 223 and 238,
the vacuum pumps 224 and 239, the remote plasma unit 244e,
the MFCs 243c¢, 244c¢, 245¢, 246¢, 247 ¢ and 248¢, the valves
243d, 244d, 245d, 246d, 247d and 2484, the matching unit
251, the high frequency power source 252, and the like.

The CPU 121ais configured to read and execute the control
program from the memory device 121¢. According to an input
of an operation command from the input/output device 122,
the CPU 121a reads the process recipe from the memory
device 121¢. In addition, the CPU 121a is configured to
control the opening/closing operation of the gate valve 205,
the elevation operation of the elevation mechanism 218, the
pressure controlling operation of the pressure adjusters 223
and 238, the on/off controlling operation of the vacuum
pumps 224 and 239, the gas exciting operation of the remote
plasma unit 244e, the flow rate controlling operation of the
MFCs 243c¢, 244c, 245¢, 246¢, 247¢ and 248¢, the on/off
controlling operation of the valves 243d, 244d, 245d, 2464,
247d and 2484, the power matching operation of the match-
ing unit 251, the on/off controlling operation of the high
frequency power source 252, and the like according to con-
tents of the read process recipe.

Moreover, the controller 121 is not limited to being con-
figured as a dedicated computer but may be configured as a
general-purpose computer. For example, the controller 121
according to the embodiment may be configured with prepar-
ing an external memory device 123 (for example, a magnetic
tape, a magnetic disc such as a flexible disc or a hard disc, an
optical disc such as a CD or DVD, a magneto-optical disc
such as an MO, a semiconductor memory such as a USB
memory or a memory card), in which the program is stored,
and installing the program on the general-purpose computer
using the external memory device 123. Also, a means for
supplying a program to a computer is not limited to a case in
which the program is supplied through the external memory
device 283. For example, the program may be supplied using
communication means such as the Internet or a dedicated line,
rather than through the external memory device 283. Also, the
memory device 121¢ or the external memory device 283 is
configured as a non-transitory computer-readable recording
medium. Hereinafter, these means for supplying the program
will be simply referred to as “a recording medium.” In addi-
tion, when the term “recording medium” is used herein, it
may include a case in which only the memory device 121c¢ is
included, a case in which only the external memory device
283 is included, or a case in which both the memory device
121c¢ and the external memory device 283 are included.
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(2) Substrate Processing Process

Next, a substrate processing process will be described with
an example of forming a silicon nitride (SiN) film using a
dichlorosilane (DCS) gas and an ammonia (NH;) gas, which
is one of processes of manufacturing a semiconductor device.

FIG. 3 is a sequence diagram illustrating an example of the
substrate processing process performed by the substrate pro-
cessing apparatus 100 according to the embodiment. The
illustrated example shows a sequence operation in which an
SiN film is formed on the wafer 200 as the substrate by
performing processes using plasma.

(Substrate Loading Step S201)

When the film forming process is performed, first, the
watfer 200 is loaded into the process chamber 201. Specifi-
cally, the substrate support 210 is lowered by the elevation
mechanism 218, thereby allowing the lift pins 207 to protrude
from the through holes 214 toward the upper side of the
substrate support 210. In addition, after adjusting the interior
of'the process chamber 201 to a predetermined pressure, the
gate valve 205 is opened and the wafer 200 is mounted on the
lift pins 207 through the gate valve 205. After the wafer 200 is
mounted on the lift pins 207, the substrate support 210 is
raised to a predetermined position by the elevation mecha-
nism 218, thereby mounting the wafer 200 from the lift pins
207 to the substrate support 210.

(Depressurizing and Temperature Rising Step S202)

Next, the interior of the process chamber 201 is exhausted
through the exhaust pipe 222 such that the interior of the
process chamber 201 reaches a desired pressure (vacuum
level). At this time, a degree of the valve opening of the APC
valve 223 is feedback-controlled based on a pressure value
measured by a pressure sensor (not shown). In addition, an
amount of power supplied to the heater 213 is feedback-
controlled based on a temperature value measured by a tem-
perature sensor (not shown) so that the interior of the process
chamber 201 is set to a desired temperature. Specifically, the
substrate mounting stand 212 is heated in advance, and the
watfer 200 is maintained on the substrate mounting stand 212
for a predetermined period of time after there is no tempera-
ture change in the wafer 200 or the substrate mounting stand
212. In the meantime, moisture, gas, or the like emitted from
members in the process chamber 201 is removed by vacuum
exhausting or purging by supplying the N, gas. In this way, a
preparation of the film forming process is completed. Further,
in order to reduce the time for depressurizing the interior of
the process chamber 201, the valve 237 is opened and the
interior of the process chamber 201 may be exhausted by the
vacuum pump 239 while the exhaust conductance is con-
trolled by the APC valve 238.

(First Process Gas Supply Step S203)

Subsequently, as shown in FIGS. 3 and 4, the DCS gas as
the first process gas (precursor gas) is supplied into the pro-
cess chamber 201 from the first process gas supply system.
Then, the internal pressure of the process chamber 201 is
controlled to a predetermined pressure (first pressure) by
exhausting the interior of the process chamber 201 using the
exhaust system. Specifically, the valve 2434 of the first gas
supply pipe 243a and the valve 2464 of the first inert gas
supply pipe 246a are opened to flow the DCS gas into the first
gas supply pipe 2434 and the N, gas into the first inert gas
supply pipe 246a. The DCS gas flows from the first gas supply
pipe 243a, and a flow rate of the DCS gas is controlled by the
mass flow controller 243¢. The N, gas flows from the first
inert gas supply pipe 246a, and a flow rate of the N, gas is
controlled by the mass flow controller 246¢. The flow-rate-
controlled DCS gas is mixed with the flow-rate-controlled N,
gas in the first gas supply pipe 243a, supplied into the process
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chamber 201 in a heated and depressurized state through the
gas through holes 2345 of the shower head 234, and
exhausted through the exhaust pipe 222. At this time, the DCS
gas is supplied to the wafer 200 as the precursor gas (precur-
sor gas supply step). The DCS gas is supplied into the process
chamber 201 at a predetermined pressure (first pressure: for
example, 100 Pa or more to 10000 Pa or less). In this way, the
DCS gas is supplied to the wafer 200. As the DCS gas is
supplied, a silicon-containing layer is formed on the wafer
200. The silicon-containing layer is a layer containing silicon
(S1), or silicon and chlorine (Cl).

In addition, as shown in FIG. 4, the process of supplying
electromagnetic power (high frequency power) into the
plasma generation region is initiated. Although the supply
initiation of the electromagnetic power is performed simul-
taneously with the supply initiation of the precursor gas in
FIG. 4, the electromagnetic power may be supplied at least
before the reaction gas is supplied. The process of supplying
electromagnetic power is continued until a cycle from the first
process gas supply step S203 to a purge step S206 (to be
described later) is repeated a predetermined number of times
(Yes in step S207). In the first process gas supply step S203,
a pressure (first pressure) in the plasma generation region is
set such that the precursor gas is not excited into a plasma
state (i.e., the precursor gas is maintained in a plasma off
state) in spite of a pressure rising mainly due to the process of
supplying the purge gas, for example, by adjusting the elec-
tromagnetic power (voltage) and a distance between the elec-
trodes based on the Paschen’s law. At this time, when the RF
power supplied through the matching unit 251 is supplied to
the lid 231, the matching unit 251 is set in advance such that
a voltage generated between the 1id 231 and the substrate
mounting stand 212 is not increased to 2000V or more. For
example, as illustrated in FIG. 6 that shows N, (nitrogen)
discharge initiation properties, a pd product (p: pressure, d:
distance between electrodes) is made to be more than 20
Torr-cm by adjusting the supply amount of the purge gas.
(Purge Step S204)

After the silicon-containing layer is formed on the wafer
200, the valve 2434 of the first gas supply pipe 243a is closed
to stop the process of supplying the DCS gas. At this time,
while the APC valve (pressure adjuster) 223 of the exhaust
pipe 222 is in an open state, the interior of the process cham-
ber 201 is vacuum exhausted by the vacuum pump 224, and a
residual DCS gas remaining in the process chamber 201
which does not react or remains after contributing to the
formation of the silicon-containing layer is removed from the
process chamber 201. At this time, the valve 2464 is in an
open state, and the process of supplying the N, gas as the inert
gas into the process chamber 201 is maintained. The N, gas
acts as a purge gas. Thus, the residual DCS gas remaining in
the process chamber 201, which does not react or remains
after contributing to the formation of the silicon-containing
layer can more effectively be removed from the process
chamber 201. In addition, the valve 237 may be opened to
exhaust the interior of the shower head 234 through the APC
valve 238 by the vacuum pump 239. With this configuration,
the residual DCS gas remaining in the shower head 234,
which does not react or remains after contributing to the
formation of the silicon-containing layer can be removed
from the shower head 234. In this step S204, the pd product in
the process chamber 201 is always maintained at 20 Torr-cm
ormore in the same manner as the first process gas supply step
S203.

Moreover, in this case, the gas remaining in the process
chamber 201 or the shower head 234 may not completely be
removed, and the interior of the process chamber 201 may not
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completely be purged. When the gas remaining in the process
chamber 201 is very small in amount, there is no adverse
effect generated in a subsequent step performed thereafter.
Here, the amount of the N, gas supplied into the process
chamber 201 need not be large, and for example, approxi-
mately the same amount of the N, gas as the volume of the
process chamber 201 may be supplied to perform the purge
step such that there is no adverse effect generated in the
subsequent step. As described above, as the interior of the
process chamber 201 is not completely purged, the purge time
can be reduced, thereby improving the throughput. In addi-
tion, the consumption of the N, gas can also be suppressed to
a minimal necessity.

However, in order to improve the coverage, film quality, or
film thickness uniformity, it is preferred that the interior of the
process chamber 201 be sufficiently exhausted.

The temperature of the heater 213 at this time is set to a
constant temperature within a range of, for example, 300 to
650 degrees C., specifically, in a range of 300 to 600 degrees
C., or more specifically, in a range of 300 to 550 degrees C.,
in the same manner as when the precursor gas is supplied to
the wafer 200. A supply tflow rate of the N, gas as the purge
gas supplied from each inert gas supply system is set to fall
within a range of, for example, 100 to 20000 sccm. The purge
gas may include a rare gas such as an Ar gas, a He gas, a Ne
gas, a Xe gas, and the like, in addition to the N, gas.

In this purge step S204, it is essential to continuously
supply the electromagnetic power and to set the pd product to
20 Torr-em or more in order not to generate plasma in the
process chamber 201.

(Second Process Gas Supply Step S205)

After the residual DCS gas remaining in the process cham-
ber 201 is removed, the process of supplying the purge gas is
stopped, and the NH; gas as the second process gas (reaction
gas) is supplied. Specifically, the valve 2444 of the second gas
supply pipe 244a is opened to flow the NH; gas into the
second gas supply pipe 244a. A flow rate of the NH; gas
flowing in the second gas supply pipe 244a is controlled by
the mass flow controller 244c¢. The flow-rate-controlled NH,
gas is supplied into the shower head 234 through the remote
plasma unit 244e¢ and the common gas supply pipe 242. In
addition, the internal pressure of the process chamber 201 is
controlled to a second pressure (dischargeable pressure).
Here, a voltage generated by the RF power supplied to the lid
231 through the matching unit 251 is maintained at 2000V or
less. The voltage generated by the RF power supplied to the
lid 231 may be maintained at a value close to 2000 V. In such
astate, by reducing the process of supplying the purge gas, the
internal pressure of the process chamber 201 is decreased to
the second pressure lower than the first pressure and the pd
productis set to 20 Torr-cm or less, thereby generating plasma
in the process chamber 201.

In addition, flow rates of the purge gas and the second
process gas at this time are set such that when a flow rate
(supply amount) of the second process gas is 1, a flow rate of
the purge gas is 10 to 100. The flow rate of each gas is
controlled by an opening/closing time of the valve corre-
sponding to each gas, and a time of opening the valve corre-
sponding to the second process gas is set to fall within a range
of, for example, 0.1 to 1 second.

In addition, although the RF power is shown to be supplied
from a time at which the process of supplying the precursor
gas is initiated in FIG. 4, the RF power may be supplied
immediately after a time at which the process of supplying the
reaction gas is initiated as shown in FIG. 5.

When the NH; gas as the reaction gas is excited into a
plasma state to generate activated NH; gas (plasma or radical
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of the NH; gas), it reacts with the silicon-containing film
formed on the wafer 200, thereby enabling a silicon nitride
film to be formed. In addition, when the pressure in the
plasma generation region is reduced while the reaction gas is
supplied, an exhaust amount may be increased using the
shower head exhaust port 235 as the second exhaust part.
(Purge Step S206)

After the second process gas supply step S205, the genera-
tion of plasma is stopped by supplying the purge gas to
increase the internal pressure of the process chamber 201 and
to meet the pd product>>20 Torr-cm, and simultaneously, the
process of supplying the reaction gas is stopped. Thereafter, a
purge step S206 that is the same step as the purge step S204 is
performed. By performing the purge step S206, a residual
NH; gas remaining in the process chamber 201 which does
not react or remains after the silicon-containing layer is
formed can be removed from the process chamber 201. Also,
in the same manner as the purge step S204, the valve 237 may
be opened to exhaust the interior of the shower head 234
through the APC valve 238 by the vacuum pump 239. With
this configuration, the residual gas remaining in the shower
head 234 which does not react or remains after the silicon
nitride film is formed can be removed from the shower head
234. As the residual gas is removed, it is possible to prevent an
unexpected film from being formed by the residual gas.
(Repetition Step S207)

As the first process gas supply step S203, the purge step
S204, the second process gas supply step S205, and the purge
step S206 are performed, a film having a predetermined thick-
ness is deposited on the wafer 200. By repeating these steps,
it is possible to control the thickness of the film deposited on
the wafer 200. The number of times the steps are repeated is
controlled until a desired film thickness is obtained.
(Substrate Unloading Step S208)

After the steps are performed a predetermined number of
times in the repetition step S207, a substrate unloading step
S208 is performed, and the wafer 200 is unloaded from the
process chamber 201. Specifically, the temperature in the
process chamber 201 is lowered to a temperature at which the
wafer 200 can be unloaded from the process chamber 201
(unloadable temperature), and the interior of the process
chamber 201 is purged with the inert gas to be adjusted to a
pressure at which the wafer 200 can be transferred from the
process chamber 201 (transferable pressure). After the pres-
sure adjustment, the substrate support 210 is lowered by the
elevation mechanism 218, the lift pins 207 protrude from the
through holes 214, and the wafer 200 is mounted on the lift
pins 207. After the wafer 200 is mounted on the lift pins 207,
the gate valve 205 is opened, and the wafer 200 is unloaded
from the process chamber 201.

(3) Effects According to the Embodiment

According to the embodiment, one or more of the follow-
ing effects are expected.

(a) Since the high frequency power is supplied in advance
and only the reaction gas is excited into a plasma state by the
supply pressure of the reaction gas, an on/off switching time
of plasma can be reduced.

(b) In addition, in the purge step, the interior of the shower
head 234 may be exhausted, thereby enabling the purge time
to be reduced.

(c) As the internal pressure of the process chamber 201 is
lowered in a state where the high frequency power is supplied,
the on/off switching time of plasma can be reduced.

(d) As the internal pressure of the process chamber 201 is
lowered in a state where the high frequency power is supplied,
the pressure can be raised in the purge step or the first gas
supply step, thereby enabling the purge time to be reduced.
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When the pressure is lowered in the purge step or the first gas
supply step, the processing time of each step is increased and
thus a throughput is deteriorated.

(e) As plasma is generated by lowering the pressure, it is
possible to prevent unintended plasma from being generated.

Second Embodiment of the Present Disclosure

Hereinabove, the embodiment of the present disclosure has
been specifically described, but the present disclosure is not
limited to the above-described embodiment and may be vari-
ously modified without departing from the spirit of the
present disclosure.

For example, FIG. 5 shows an example of a gas supply
sequence according to a second embodiment of the present
disclosure. In FIG. 5, after a precursor gas supply step (first
process gas supply step) and a purge step are performed, an
exhaust step is performed to remove the precursor gas. There-
after, areaction gas supply step and an electromagnetic power
supply step are sequentially performed. After the process of
supplying the electromagnetic power, the internal pressure of
the process chamber 201 is controlled to a dischargeable
pressure by the exhaust part, thereby initiating the excitation
of the reaction gas. With this configuration, it is possible to
initiate the gas excitation by varying the pressure.

Third Embodiment of the Present Disclosure

While the above-described embodiments have been
described with respect to the configuration of the substrate
processing apparatus 100 shown in FIG. 1, the present dis-
closure is not limited to the above-described configuration
and may be variously modified without departing from the
spirit of the present disclosure.

For example, FIG. 7 shows a configuration of a substrate
processing apparatus 100a according to a third embodiment
of'the present disclosure. In FIG. 7, a microwave introduction
window 305 is provided as an electrode of the exciting part.
The microwave introduction window 305 is configured such
that electromagnetic power (microwave power) is supplied to
the microwave introduction window 305 from a microwave
source 304 through a magnetron 301, an isolator 302, a
matching unit 303 and the like. As the microwave is supplied
in this way, the high frequency power can be supplied into the
buffer space 232, and the gas supplied into the buffer space
232 can be excited into a plasma state. In addition, if no
plasma is generated when the electromagnetic power is sup-
plied as in the above-described F1G. 4 or 5, a reflected wave is
increased. However, the reflected wave is absorbed in the
isolator 302, thereby reducing damages to the microwave
source 304. A gas supply timing, an electromagnetic power
supply timing, or an exhaust timing may be configured in the
same manner as FIG. 4 or 5.

In addition, while it has been described as an example in the
above that when the plasma is generated by controlling the
pressure, the pressure is controlled by a flow rate of the gas,
the pressure may be controlled by a combination of the con-
trol of the gas flow rate and the control of the exhaust amount.
Such a combination can reduce the time required for the
pressure control. In addition, the time may also be reduced by
making a volume of the plasma generation region small.
Further, the above-described second exhaust part may be used
to reduce the exhaust time.

In addition, while the process of manufacturing a semicon-
ductor device has been described in the above, the present
disclosure according to the embodiment may be applied to
those other than the process of manufacturing a semiconduc-
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tor device. For example, the present disclosure may be
applied to a process of manufacturing a liquid crystal device,
a process of plasma-processing a ceramic substrate, and the
like.

Further, while the method of forming a film by alternately
supplying the precursor gas and the reaction gas has been
described in the above, the present disclosure may also be
applied to other methods. For example, the precursor gas and
the reaction gas may be supplied such that supply timings
thereof overlap each other.

Furthermore, while the film formation processing has been
described in the above, the present disclosure may also be
applied to other processing. For example, the present disclo-
sure may be applied to substrate processing such as plasma
oxidation processing or plasma nitriding processing of a sub-
strate surface or a film formed on a substrate only using the
reaction gas. In addition, the present disclosure may also be
applied to plasma annealing processing only using the reac-
tion gas.

Furthermore, while the single-wafer type apparatus has
been described in the above, the present disclosure is not
limited thereto and may be applied to a vertical type apparatus
configured to process a plurality of substrates vertically
arranged. Also, the present disclosure may also be applied to
a processing apparatus in which a plurality of substrates are
horizontally arranged.

Aspects of the Present Disclosure

Hereinafter, some aspects of the present disclosure will be
additionally stated.

Supplementary Note 1

According to an aspect of the present disclosure, there is
provided a method of manufacturing a semiconductor device,
including: supplying a precursor gas to a substrate; supplying
a reaction gas to a plasma generation region; supplying high
frequency power to the plasma generation region; and gener-
ating plasma of the reaction gas by adjusting a pressure of the
plasma generation region to a first pressure before the reac-
tion gas is supplied and adjusting the pressure of the plasma
generation region to a second pressure lower than the first
pressure while the reaction gas and the high frequency power
are supplied.

Supplementary Note 2

In the method of manufacturing a semiconductor device
according to Supplementary Note 1, after the act of supplying
the high frequency power to the plasma generation region is
initiated, the reaction gas is supplied to the plasma generation
region and the pressure in the plasma generation region is
adjusted from the first pressure to the second pressure,
thereby generating the plasma.

Supplementary Note 3

The method of manufacturing a semiconductor device
according to Supplementary Note 1 or 2, further including
supplying a purge gas before the reaction gas is supplied,
wherein a supply amount of the purge gas is larger than that of
the reaction gas.

Supplementary Note 4

The method of manufacturing a semiconductor device
according to any one of Supplementary Notes 1 to 3, further
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including returning the reaction gas from a plasma state to a
gaseous state after the act of generating the plasma.

Supplementary Note 5

In the method of manufacturing a semiconductor device
according to Supplementary Note 4, the act of generating the
plasma and the act of returning the reaction gas to the gaseous
state are alternately performed.

Supplementary Note 6

In the method of manufacturing a semiconductor device
according to any one of Supplementary Notes 1 to 5, the first
pressure is a pressure where the reaction gas is maintained in
a plasma off state.

Supplementary Note 7

In the method of manufacturing a semiconductor device
according to any one of Supplementary Notes 1 to 6, the
second pressure is a pressure where the reaction gas is excited
into a plasma state.

Supplementary Note 8

According to another aspect of the present disclosure, there
is provided a substrate processing apparatus, including: a
process chamber configured to accommodate a substrate
therein; a precursor gas supply part configured to supply a
precursor gas to the substrate; a reaction gas supply part
configured to supply a reaction gas to the substrate; a plasma
generation region to which the reaction gas is supplied to
excite the reaction gas into a plasma state; an exciting part
configured to supply high frequency power to the plasma
generation region; and a control part configured to control the
reaction gas supply part and the exciting part such that the
reaction gas is excited into the plasma state by adjusting a
pressure of the plasma generation region to a first pressure
before the reaction gas is supplied and adjusting the pressure
of the plasma generation region to a second pressure lower
than the first pressure while the reaction gas and the high
frequency power are supplied.

Supplementary Note 9

The substrate processing apparatus according to Supple-
mentary Note 8, further including an exhaust part configured
to exhaust the process chamber, wherein the control part is
configured to control the reaction gas supply part and the
exhaust part such that after the act of supplying the high
frequency power to the plasma generation region is initiated,
the reaction gas is supplied to the plasma generation region
and the pressure in the plasma generation region is adjusted
from the first pressure to the second pressure.

Supplementary Note 10

The substrate processing apparatus according to Supple-
mentary Note 8 or 9, further including a purge gas supply part
configured to supply a purge gas to the process chamber,
wherein the control part is configured to control the reaction
gas supply part and the purge gas supply part such that a purge
gas is supplied before the reaction gas is supplied, and a
supply amount of the purge gas is larger than that of the
reaction gas.

10

15

20

25

30

35

40

45

50

55

60

65

16
Supplementary Note 11

In the substrate processing apparatus according to any one
of' Supplementary Notes 8 to 10, the control part is configured
to control the exciting part and the reaction gas supply part
such that the reaction gas is returned from the plasma state to
a gaseous state in a state where the high frequency power is
continuously supplied after the plasma is generated.

Supplementary Note 12

In the substrate processing apparatus according to any one
of' Supplementary Notes 8 to 11, the control part is configured
to control the exciting part and the reaction gas supply part
such that the act of generating the plasma and the act of
returning the reaction gas to the gaseous state are alternately
performed.

Supplementary Note 13

In the substrate processing apparatus according to any one
of' Supplementary Notes 9 to 12, the control part is configured
to control at least one of the reaction gas supply part and the
exhaust part such that the first pressure is a pressure where the
reaction gas is maintained in a plasma off state.

Supplementary Note 14

In the substrate processing apparatus according to any one
of' Supplementary Notes 9 to 13, the control part is configured
to control at least one of the reaction gas supply part and the
exhaust part such that the second pressure is a pressure where
the reaction gas is excited into the plasma state.

Supplementary Note 15

According to still another aspect of the present disclosure,
there is provided a program that causes a computer to perform
processes of: supplying a precursor gas to a substrate; sup-
plying a reaction gas to a plasma generation region; supplying
high frequency power to the plasma generation region; and
generating plasma of the reaction gas by adjusting a pressure
of'the plasma generation region to a first pressure before the
reaction gas is supplied and adjusting the pressure of the
plasma generation region to a second pressure lower than the
first pressure while the reaction gas and the high frequency
power are supplied.

Supplementary Note 16

In the program according to Supplementary Note 15, after
the act of supplying the high frequency power to the plasma
generation region is initiated, the reaction gas is supplied to
the plasma generation region and the pressure in the plasma
generation region is adjusted from the first pressure to the
second pressure, thereby generating the plasma.

Supplementary Note 17

The program according to Supplementary Note 15 or 16,
further including supplying a purge gas before the reaction
gas is supplied, wherein a flow rate of the purge gas is larger
than that of the reaction gas.
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Supplementary Note 18

The program according to any one of Supplementary Notes
15 to 17, further including returning the reaction gas from a
plasma state to a gaseous state after the act of generating the
plasma.

Supplementary Note 19

In the program according to any one of Supplementary
Notes 15 to 18, the act of generating the plasma and the act of
returning the reaction gas to the gaseous state are alternately
performed.

Supplementary Note 20

In the program according to any one of Supplementary
Notes 15 to 19, the first pressure is a pressure where the
reaction gas is maintained in a plasma off state.

Supplementary Note 21

In the program according to any one of Supplementary
Notes 15 to 20, the second pressure is a pressure where the
reaction gas is excited into a plasma state.

Supplementary Note 22

According to still another aspect of the present disclosure,
there is provided a non-transitory computer-readable record-
ing medium storing a program that causes a computer to
perform processes of: supplying a precursor gas to a sub-
strate; supplying a reaction gas to a plasma generation region;
supplying high frequency power to the plasma generation
region; and generating plasma of the reaction gas by adjusting
a pressure of the plasma generation region to a first pressure
before the reaction gas is supplied and adjusting the pressure
of the plasma generation region to a second pressure lower
than the first pressure while the reaction gas and the high
frequency power are supplied.

According to the present disclosure in some embodiments,
there may be provided a method of manufacturing a semicon-
ductor device, a substrate processing apparatus and a record-
ing medium, which make it possible to improve properties of
a film formed on a substrate and to increase a manufacturing
throughput.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the disclosures.
Indeed, the novel methods and apparatuses described herein
may be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the disclosures. The accompany-
ing claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the disclosures.

What is claimed is:
1. A method of manufacturing a semiconductor device,
comprising:

supplying a precursor gas to a substrate;

supplying a reaction gas to a plasma generation region;

supplying high frequency power to the plasma generation
region; and

generating plasma of the reaction gas, after the act of
supplying the high frequency power to the plasma gen-
eration region is initiated, by supplying the reaction gas
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to the plasma generation region and adjusting a pressure
in the plasma generation region from a first pressure to a
second pressure lower than the first pressure.

2. The method of claim 1, further comprising supplying a
purge gas before the reaction gas is supplied, wherein a sup-
ply amount of the purge gas is larger than that of the reaction
gas.

3. The method of claim 1, further comprising returning the
reaction gas from a plasma state to a gaseous state after the act
of generating the plasma.

4. The method of claim 3, wherein the act of generating the
plasma and the act of returning the reaction gas to the gaseous
state are alternately performed.

5. The method of claim 1, wherein the first pressure is a
pressure where the reaction gas is maintained in a plasma off
state.

6. The method of claim 1, wherein the second pressure is a
pressure where the reaction gas is excited into a plasma state.

7. A substrate processing apparatus, comprising:

a process chamber configured to accommodate a substrate

therein;

a precursor gas supply part configured to supply a precur-

sor gas to the substrate;

a reaction gas supply part configured to supply a reaction

gas to the substrate;
a plasma generation region to which the reaction gas is
supplied to excite the reaction gas into a plasma state;

an exciting part configured to supply high frequency power
to the plasma generation region before the reaction gas
supply part supplies the reaction gas to the plasma gen-
eration region; and

a control part configured to control the reaction gas supply

part and the exciting part such that after supplying of the
high frequency power to the plasma generation region is
initiated, a plasma of the reaction gas is generated by
supplying the reaction gas to the plasma generation
region and adjusting a pressure in the plasma generation
region from a first pressure to a second pressure lower
than the first pressure.

8. The substrate processing apparatus of claim 7, further
comprising a purge gas supply part configured to supply a
purge gas to the process chamber, wherein the control part is
configured to control the reaction gas supply part and the
purge gas supply part such that a purge gas is supplied before
the reaction gas is supplied, and a supply amount of the purge
gas is larger than that of the reaction gas.

9. The substrate processing apparatus of claim 7, wherein
the control part is configured to control the exciting part and
the reaction gas supply part such that the reaction gas is
returned from the plasma state to a gaseous state in a state
where the high frequency power is continuously supplied
after the plasma is generated.

10. The substrate processing apparatus of claim 7, wherein
the control part is configured to control the exciting part and
the reaction gas supply part such that the act of generating the
plasma and the act of returning the reaction gas to the gaseous
state are alternately performed.

11. The substrate processing apparatus of claim 7, wherein
the control part is configured to control at least one of the
reaction gas supply part and the exhaust part such that the first
pressure is a pressure where the reaction gas is maintained in
a plasma off state.

12. The substrate processing apparatus of claim 7, wherein
the control part is configured to control at least one of the
reaction gas supply part and the exhaust part such that the
second pressure is a pressure where the reaction gas is excited
into the plasma state.
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13. A non-transitory computer-readable recording medium
storing a program that causes a computer to perform pro-
cesses of:

supplying a precursor gas to a substrate;

supplying a reaction gas to a plasma generation region;

supplying high frequency power to the plasma generation

region; and

generating plasma of the reaction gas, after the act of

supplying the high frequency power to the plasma gen-
eration region is initiated, by supplying the reaction gas
to the plasma generation region and adjusting a pressure
in the plasma generation region from a first pressure to a
second pressure lower than the first pressure.

14. The non-transitory computer-readable recording
medium of claim 13, wherein the process further includes
supplying a purge gas before the reaction gas is supplied, and
wherein a supply amount of the purge gas is larger than that of
the reaction gas.

15. The non-transitory computer-readable recording
medium of claim 13, wherein the process further includes
returning the reaction gas from a plasma state to a gaseous
state after the act of generating the plasma.
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16. The non-transitory computer-readable recording
medium of claim 15, wherein the act of generating the plasma
and the act of returning the reaction gas to the gaseous state
are alternately performed.

17. The method of claim 1, further comprising:

supplying a purge gas under the first pressure after the act

of supplying the precursor gas and before the act of
supplying the reaction gas.

18. The substrate processing apparatus of claim 7, further
comprising:

a purge gas supply part configured to supply a purge gas to

the substrate,

wherein the control part is further configured to supply the

purge gas under the first pressure after the precursor gas
is supplied and the reaction gas is supplied.

19. The non-transitory computer-readable recording
medium of claim 13, wherein the process further includes
supplying a purge gas under the first pressure after the act of
supplying the precursor gas and before the act of supplying
the reaction gas.



